The study being the first of its kind established an efficient protocol for micropropagation of Cryptolepis sanguinolenta, an important endangered medicinal plant species, used in the treatment of Malaria. 
Introduction
Cryptolepis sanguinolenta Lindl. Schltr. (syn. Cryptolepis triangularis N. E. Br., or Pergularia sanguinolenta Lindl.), commonly known as "Yellow dye root" or "Ghana quinine", is an important medicinal plant species belonging to the family Asclepiadaceae/Periplocaceae. Extract from the plant is used in local traditional medicines for the treatment of several diseases, including malaria, jaundice, hepatitis, rheumatism, amoebiasis, urinary and upper respiratory tract infections, stomach and intestinal disorders [1] .
Roots of the plant contain the active ingredient cryptolepine which is mostly used in the treatment of malaria. A clinical study of the plant by Boye [2] proved its extracts were as effective as chloroquine when taken orally. Several other minor alkaloids such as hydroquinone, quindoline, cryptoquindoline, cryptoheptine and the 11-hydroxy derivatives of cryptolepine, with biological/pharmacological activities have also been found in the roots [1] . This explains the plant's numerous uses in traditional medicine.
As with most medicinal plant species, the raw materials needed for medicinal preparations are mainly obtained from the wild. Cryptolepis sanguinolenta is on the verge of extinction because of the erratic nature of seed germination, seasonal seed production and its destructive mode of harvest (as the roots are the desired plant part for trade). Pressure on wild populations could be reduced if demand is met through more reliable methods of cultivation.
Micropropagation has been conveniently used in the propagation of plant species which have problems with seed germination or do not respond well to vegetative propagation [3] - [5] . However, developing a protocol for micropropagation is affected by the choice, combinations and concentrations of plant growth regulators used [6] . Preliminary studies conducted on this species revealed BA as the most efficient cytokinin for shoot induction and proliferation of semi-hard wood single node cuttings compared to kinetin, zeatin or thidiazuron.
This experiment sought to establish the optimum concentration of BA and auxin combination required for shoot production from stem explants of Cryptolepis sanguinolenta and developed a rooting medium for regenerated shoots.
Materials and Methods

Explant Preparation
Thirty root cuttings were selected randomly from accessions of Cryptolepis sanguinolenta plants collected from the Ashanti, Eastern, Volta and Brong Ahafo regions of Ghana between July and August 2011. Plants used in the study were identified based on morphological characteristics of the species. Accession and voucher specimen details are as indicated in [7] .
Parent plants obtained from the root cuttings were sprayed with 0.3% systemic fungicide solution (Agriette 80 WP a.i. 800 g/kg Fosetyl-AL) about five days prior to the harvest of explants for in vitro culture. Explants were harvested usually about two weeks after cut back. They comprised of semi-hardwood single node cuttings, 1 -1.5 cm long. Leaves were trimmed off the nodal cuttings and the explants washed with mild detergent (two drops of sunlight washing up liquid), run under water for five minutes and transferred to the laminar flow cabinet. Under the laminar cabinet, the explants were soaked in 20% bleach (a.i. 6% NaOCl) and gently agitated for 10 minutes. They were subsequently rinsed thoroughly to remove all traces of sterilant with three changes of sterile, triple filtered distilled water.
Culture Media Preparation
For shoot regeneration, cultures were maintained on MS (Murashige and Skoog) basic nutrient medium [8] supplemented with MS vitamins, 30 g/L sucrose and BA at 0.5, 1.0, 1.5, 2.0, 2.5 or 3.0 mg/L in combination with 0.1 mg/L IBA or NAA. Control consisted of hormone free MS medium. For root induction and subsequent rooting, microshoots, not less than 1 cm were transferred onto full strength MS medium with vitamins (supplemented with 0.5 mg/L IBA or 0.1 mg/L IBA) or half strength MS medium with vitamins (supplemented with 0.01 mg/L IBA) or hormone freeHalf strength MS medium with vitamins. All media were solidified with 0.3% gelrite. The pH was adjusted to 5.7 ± 0.1 using 1 N NaOH and 1 N H 2 SO 4 . About 5 ml of media were dispensed into flat bottom polycarbonate culture tubes (25 mm × 95 mm) with polypropylene screw caps (Phyto Technology labs, US) and autoclaved at 121˚C and 120 kPa for 18 minutes.
Inoculation
With the aid of sterile, fine, stainless steel scalpel and forceps, the explants were trimmed to about 1 cm before inoculation. The bases of the explants were inserted vertically into the semi-solid medium. Microshoots not less than 1 cm were transferred onto rooting media after 8 weeks.
Statistical Methods
Each treatment involved 10 cultures and was replicated three times, in a completely randomized design. Data taken (number of days to shoot induction, percentage shoot induction, shoot length, number of nodes per shoot, number of days to root induction and percentage rooting) were analyzed using analysis of variance with GENSTAT (12 th edition). Significantly different means were separated using Duncan's Multiple Range Test.
Results and Discussion
Shoot Induction
The auxin type played a very important role in shoot induction and proliferation. Generally, BA and IBA combinations were found to be more efficient in shoot regeneration and multiplication of nodal segments of Cryptolepis sanguinolenta than the BA and NAA combinations (Figures 1-3) . Benzyladenine (BA) and NAA combinations produced lower percentage shoot inductions and higher mean number of days to shoot induction and lower percentage shoot induction than the control ( Table 1) .
The combination of BA and NAA was not only inefficient in breaking axillary shoot dormancy, but also had detrimental effects on the cultures. Cultures maintained on NAA supplemented media produced profuse callus, which retarded shoot formation and subsequent shoot growth (Figures 2(e)-(k), Figure 3(l), Figure 3(m) ).
Benzyladenine (BA) and IBA combinations proved to be efficient for shoot multiplication in a large number of species belonging to the Asclepiadaceae family [3] [4] [9]- [11] . NAA and BA combinations however, have also been reported to be efficient in some plant species in the Asclepiadaceae family [12] [13] .
The number of nodes produced within a period of time gives an estimate of the multiplication rate while shoot height determines the feasibility of subculture. Although the highest mean shoot length (1.28 cm) was recorded in Table 1 . Effect of BA and IBA/NAA combinations on shoot regeneration from nodal segments of Cryptolepis sanguinolenta in MS medium, 3 Weeks after culture. (Table 1) . However, it was significantly higher than mean shoot lengths recorded in the low BA concentrations (0.5 and 1.0 mg/L BA) and 0.1 mg/L IBA ( Table 1) . The efficacy of plant growth regulator is dependent on its concentration [14] - [17] . High shoot length recorded in the control suggests the presence of endogenous auxins which may have induced shoot elongation [18] . In addition to increased shoot length, the number of nodes was significantly improved by BA, proving its ability to enhance axillary bud development in Cryptolepis sanguinolenta.
Mean number of nodes
Control 0.5 mg/L BA +0.1 mg/L IBA 1 mg/L BA +0.1 mg/L IBA 1.5 mg/L BA +0.1 mg/L IBA 2 mg/L BA +0.1 mg/L IBA 2.5 mg/L BA +0.1 mg/L IBA 3 mg/L BA +0.1 mg/LIBA
Root Induction
Some species may root readily even in the course of multiplication, while others may require the inclusion of auxin in the medium. According to Sathyanarayana and Varghese [19] , transfer onto auxin supplemented medium becomes necessary if rooting is not observed after two monthly passages on the basal nutrient medium. Other species may also root when simply transferred onto a hormone free medium [14] [15] .
Cultures transferred onto hormone free half strength medium, began to form callus at the base [first sign of rooting; Figure 4(b) ] by the fourth week after transfer. However, no rooting was observed by the sixth week level of stress. Leaves of cultures began to drop after 24 hours of transfer and within the first week, almost all the cultures shed off their leaves and began to show signs of scorching ( Figure 5(a) ). No signs of rooting were observed even after the six weeks of transfer ( Table 2) . Reducing IBA concentration to 0.1 mg/L reduced the extent of necrosis (Figure 5(b) ).
Cultures transferred onto half strength MS medium supplemented with 0.01 mg/L IBA began to form callus at the base by the second week, and by the sixth week all cultures had formed callus with about 60% rooting ( Table ( 2) & Figure 5(d)) .
Rooting of cultures in half strength MS basal medium has been successful in a number of species belonging to the Asclepiadaceae family [11] [12] .
It was observed that roots developed by microshoots previously maintained on hormone supplemented media (BA in combination with IBA) were thicker, deep yellow in colour and had more lateral roots than roots developed by microshoots raised on hormone free medium (Figure 6 ).
Conclusion
A combination of single node segments of semi-hard wood explants of Cryptolepis sanguinolenta and MS medium supplemented with 2 mg/L BA and 0.1 mg/L IBA for shoot induction and rooting on 1/2 strength MS medium supplemented with 0.01 mg/L IBA provided an efficient protocol for micropropagation of Cryptolepis sanguinolenta. Figure 6 . Morphological differences in rooting of microshoots previously maintained on MS medium supplemented with or without hormone (BA + IBA). Thin cream coloured roots produced by microshoot generated on hormone free MS medium (a); thick deep yellow roots with lateral roots produced by microshoot generated onhormone supplemented medium (BA + IBA) (b). 
